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Clinical Article 



Radiographic Comparison of Four Anterior Fusion 
Methods in Two Level Cervical Disc Diseases : Autograft 
Plate Fixation versus Cage Plate Fixation versus Stand- 
Alone Cage Fusion versus Corpectomy and Plate Fixation 

Min-Ki Kim, M.D., Sung-Min Kim, M.D., Kwang-Mo Jeon, R.N., Tae-Sung Kim, M.D. 

Department of Neurosurgery, KyungHee University Hospital at Gangdong, School of Medicine, KyungHee University, Seoul, Korea 

Objective : To evaluate radiographic results of anterior fusion methods in two-level cervical disc disease : tricortical autograft and plate fixation 
(ACDF-AP), cage and plate fixation (ACDF-CP), stand-alone cage (ACDF-CA), and corpectomy and plate fixation (ACCF). 

Methods : The numbers of patients were 70 with a minimum 6 month follow-up (ACDF-AP : 1 2, ACDF-CP : 27, ACDF-CA : 1 5, and ACCF : 1 6). Dy- 
namic simple X-ray and computed tomography were evaluated preoperatively, postoperatively, 6 month, and at the final follow-up. The fusion and 
subsidence rates at the final were determined, and global cervical lordosis (GCL), cervical range of motion, fused segment angle (FSA), and fused 
segment height (FSH) were analyzed. 

Results : Nonunion was observed in 4 (25%) patients with ACDF-CA, 1 (8%) patient with ACDF-AP, 1 (4%) patient with ACDF-CP. The number of 
loss of FSH (%) more than 3 mm were 2 patients (16%) in ACDF-AP, 3 patients (11%) in ACDF-CP, 5 patients (33%) in ACDF-CA, and 3 patients 
(20%) in ACCF. The GCL was decreased with ACDF-CA and increased with others. The FSA was increased with ACDF-AP, ACDF-CP, and ACCF, but 
ACDF-CA was decreased. At the final follow-up, the FSH was slightly decreased in ACDF-CP, ACDF-AP, and ACCF, but ACDF-CA was more de- 
creased. Graft related complication were minimal. Screw loosening, plate fracture, cage subsidence and migration were not identified. 
Conclusion : ACDF-CP demonstrated a higher fusion rate and less minimal FSH loss than the other fusions in two-level cervical disc disease. The 
ACDF-AP and ACCF methods had a better outcome than the ACDF-CA with respect to GCL, FSA, and FSH. 

Key Words : Radiographic comparison ■ Anterior cervical fusion methods ■ Two-level cervical disc diseases. 



INTRODUCTION 

Anterior cervical discectomy and fusion (ACDF) has become 
a standard operative procedure for degenerative disc disease as- 
sociated with radiculopathy or myelopathy 10 '. Both ACDF and 
anterior cervical corpectomy and fusion with the plating meth- 
od are well-known surgical treatments in patients with two lev- 
el anterior cervical disc diseases. Two level ACDF methods can 
also be subdivided into several different methods including 
ACDF using tricortical autograft and plate fixation (ACDF-AP), 
ACDF using stand-alone cage (ACDF-CA), and ACDF using 
cage and plate fixation (ACDF-CP). 



Several authors have suggested that there are advantages with 
iliac autografts and plating. ACDF with anterior plating pro- 
vides lesser graft complications and higher fusion rates than 
ACDF without plating 4 • 5 ' 20 ' 22, . Fusion rates for, unplated two lev- 
els ACDF were reported to be about 50 to 80%, while plated 
two levels ACDF had 94 to 100% fusion rates. However, auto- 
grafts are associated with significant donor-site morbidity. Acute 
pain, artery or nerve injuries, hematomas, fractures, infections 
are serious postoperative concerns and about 15% of patients 
complain of chronic donor site pain (>3 months) 14,16,17) . 

In order to reduce iliac autograft related complications, sever- 
al types of cervical interbody fusion cages, which have been de- 
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veloped since the 1990s, are used widely in clinical practice. 
Many authors have suggested that ACDF-CA can provide im- 
mediate stability increased disc and foraminal height, and solid 
fusion with few complications 3 ' 9,11J9 ' 21) . Cages, which have good 
structural strength, are made up of biocompatible materials such 
as Carbon, polyetheretherketone, and Titanium. Cages can be 
filled with cancellous autografts, allografts, demineralized bone 
matrix and bone morphogenic protein. However, stand alone 
cage fusion has also been reported to have some disadvantages. 
A significant reduction of segmental height, a loss of segmental 
lordosis, kyphotic deformity and cage migration are well known 
complications 1,2,6,7) . Therefore, by combining the advantages of 
cage and anterior cervical plate, ACDF-CP has been recently 
performed. 

The anterior cervical corpectomy and plate fixation (ACCF) 
is also an effective surgical treatment options for two level ante- 
rior cervical fusions. Between ACCF and ACDF with anterior 
cervical plating procedures, some controversies still existed 
with respect to graft collapse, postoperative cervical lordosis, 
and fusion rate 12,13 '. Fraser and Hartl 51 suggested that because 
corpectomy had only two graft-host interfaces, it has a higher 
fusion rate than two levels ACDF without plating. Wang et al. 22) 
reported that there was no significant difference in the fusion 
rate between two level ACDF and ACCF. 

The purpose of this study was to evaluate the radiographic re- 
sults of four different anterior fusion methods in two-level cer- 
vical disc disease : ACDF-AP, ACDF-CP, ACDF-CA, and ACCF. 
There are few studies that have compared radiographic param- 
eters such as fusion and subsidence rate, global cervical lordosis 
(GCL), cervical range of motion (ROM), fused segmental angle 
(FSA), fused segmental height (FSH) and instrument- and 
graft-related complications 51 . 

MATERIALS AND METHODS 

Patient population 

We retrospectively reviewed the simple X-rays of 70 patients 
with two level cervical disc diseases who had anterior cervical fu- 
sion surgery at our hospital between 2006 and 2010. All patients 

Table 1 . The preoperative demographic data 



Variable 


ACDF-AP 


ACDF-CA 


ACDF-CP 


ACCF 


Number of patient 


12 


15 


27 


16 


Age (years) 


57±10.5 


54±12.2 


58±8.4 


58±8.6 


Follow-up periods (months) 


21+11.5 


23±15.5 


15+6.8 


20+11.9 


Sex ratio (M : F) 


7:5 


9:6 


15: 12 


13:3 


Surgery level 










C3-4-5 


3 


0 


2 


0 


C4-5-6 


1 


8 


10 


3 


C5-6-7 


8 


7 


15 


13 



Data are mean+standard deviation or number of patients. ACDF : anterior cervical discectomy and fusion, 
ACDF-AP : ACDF using tricortical autograft and plate fixation, ACDF-CA : ACDF using stand-alone cage, ACDF-CP : 
ACDF using cage and plate fixation, ACCF : anterior cervical corpectomy and plate fixation 



had symptoms of neural compression at two adjacent segments 
that were refractory to conservative treatment All patients were 
followed for a rninimum of 6 months after the surgery. 

The operative levels were classified into C3-4-5, C4-5-6, C5- 
6-7 and number of included patients were 5, 33 and 43 consec- 
utively. The number of patient of each group was 12 for ACDF- 
AP, 27 for ACDF-CP, 15 for ACDF-CA, and 16 for ACCF. Mean 
follow-up period and the mean age were 21 months, 57 years in 
ACDF-AP, 15 months, 58 years in ACDF-CP, 23 months, 54 
years in ACDF-CA, and 20 months, 58 years in ACCF. Serial 
preoperative, postoperative and final follow-up simple X-rays 
and computed tomography (CT) scans were evaluated for ra- 
diological evaluation. GCL (C2-C7 Cobb's angle), cervical 
ROM, FSA and FSH at the operated segment were measured 
and analyzed. Graft- and instrument-related complications 
were also evaluated. The preoperative demographic data for 
each group are presented in Table 1. 

Surgical procedures 

We performed anterior cervical approach to gain access to the 
cervical spine. The operated level was defined with fluoroscopic 
control in supine position. After removing a portion of the ante- 
rior longitudinal ligament and intervertebral disc, we used the 
Caspar dilator to expand the interval between adjacent vertebral 
bodies by approximately 2 to 3 mm. The subchondral bone was 
exposed by removing osteophyte, remaining intervertebral disc, 
and the cartilaginous endplates of the upper and lower vertebral 
bodies. In case of ACCF, we performed subtotal corpectomy to 
removal of a 15 to 19 mm anterior midline trough in the verte- 
bral body down to the posterior longitudinal ligament or dura, 
with removal of the cephalad and caudad discs 15 '. The lateral ex- 
tent of decompression is limited by the transverse foramen, which 
houses the vertebral artery. For subjects requiring spinal decom- 
pression, a portion of the posterior longitudinal ligament was 
also removed using microscope. Using lateral plain radiographs, 
we determined the cage size, the insertion angle of screws, and 
the angle of lordosis of the metal plates. For the segments to be 
fused, cervical lordosis was maintained by placing a cage (Fijif B) , 
Rabea®, Solis' 8 , mesh). In the cases with plate augmentation, we 
used anterior cervical plate (Atlantis® or 
ABC 8 ). Bone graft was acquired via a 3 
cm skin incision on the anterior superior 
iliac spine. We harvested sufficient block 
bone or cancellous bone to fill in the 
cage. In case of ACDF-CP, we used can- 
cellous dried allograft to fill in the cage. 



Radiologic parameters and 
evaluation 

We reviewed lateral views of simple 
X-rays in flexed, extended and neutral 
position before surgery, 2 weeks after 
surgery, 6 months after surgery, and fi- 
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nal follow-up after surgery. Fusion was 
defined as presence of trabecular bone 
bridging on simple X-ray or 3 dimen- 
sions-CT and no radiolucency between 
graft and adjacent vertebral body, and 
no motion at the fused segment. Sub- 
sidence was identified as cage or graft 
migration of 3 mm or more into the 
adjacent vertebral body on simple later- 
al X-ray 18) . This means the loss of FSH 
more than 3 mm. GCL was defined as 
the angle subtended by a line drawn 
parallel to the inferior endplate of the 
C2 vertebral body and a line drawn 
parallel to the inferior endplate of C7 
vertebral body. FSA was defined as the 
angle between the lines drawn parallel 
to the cranial endplate of the cranial vertebra of fused segment 
and the caudal endplate of the caudal vertebra of fused seg- 
ment. FSH was determined as the mean value of anterior and 
posterior vertebral body heights at the fused segments (Fig. 1). 
Cervical ROM was defined as difference value between GCL in 
extension neck position and GCL in flexed position. 

Statistical methods 

All statistical analysis was performed by SPSS version 12. In- 
tergroup results were compared using independent t-test, the X 2 
test, p values of <0.05 were considered statistically significant. 

RESULTS 

At the last follow-up, the fusion rates in ACCF were achieved 
100%. However, one patient (8%) in ACDF-AP, one patient (4%) 
in ACDF-CP, and 4 patients (25%) in ACDF-CA were failed fu- 
sion. In spite of relatively long follow-up time, the pseudarfhrosis 
rate was 25% in ACDF-CA. There were no instrument-related 
complications in each group. The rate of subsidence more than 3 
mm was 16% (2 patients) in ACDF-AP, 33% (5 patients) in 
ACDF-CA, 11% (3 patients) in ACDF-CP and 20% (3 patients) 
in ACCF. 

The mean CGL (C2-C7 lateral Cobb angle) was decreased in 
ACDF-CA (from 18.6±10.0 to 17.3±9.8°) at final follow-up and 
the others were increased (from 6.7±14.0 to 14.7±8.2° in ACDF- 
AP, 12.6±9.8 to 17.3±7.6° in ACDF-CP, and 12.9±9.8 to 
15.7±8.6° in ACCF) (Fig. 2, independent t-test, p=0.043). 

The mean FSA was increased in ACDF-AP, ACDF-CP and 
ACCF except for ACDF-CA (Fig. 3, independent t-test, £=0.023). 
The mean FSH after operation was slightly decreased in ACDF- 
CP (from 52.4±3.7 to 54.9±4.2 mm), ACDF-AP (from 55.2±3.1 
to 57.7±2.5 mm), and ACCF (from 54.0±2.9 to 55.1±3.9 mm) 
except for ACDF-CA (from 52.7±4.0 to 54.5±3.0 mm) at the fi- 
nal follow-up (Fig. 4). 

The mean ROMs in groups were significantly decreased at the 




© 



Fig. 1. A : Global cervical lordosis : the Cobb angle between C2 and C7 inferior endplate. B : Fused 
segmental angle : the angle between the lines drawn parallel to the cranial endplate of the cranial 
vertebrae of fused segment and the caudal endplate of the caudal vertebra of fused segment. C : 
Fused segmental height : the mean value of anterior and posterior vertebral body heights at the 
fused segments. 
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Fig. 2. Serial changes in the global cervical lordosis (GCL) in the four dif- 
ferent two level anterior cervical fusion methods. ACDF : anterior cervical 
discectomy and fusion, ACDF-AP : ACDF using tricortical autograft and 
plate fixation, ACDF-CA : ACDF using stand-alone cage, ACDF-CP : ACDF 
using cage and plate fixation, ACCF : anterior cervical corpectomy and 
plate fixation. 
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Fig. 3. Serial changes in the fused segmental angle (FSA) in the four dif- 
ferent two level anterior cervical fusion methods. ACDF : anterior cervical 
discectomy and fusion, ACDF-AP : ACDF using tricortical autograft and 
plate fixation, ACDF-CA : ACDF using stand-alone cage, ACDF-CP : ACDF 
using cage and plate fixation, ACCF : anterior cervical corpectomy and 
plate fixation. 
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Preop Postop Postop 6 mo Final 



ACDF-AP — ■— ACDF-CA -^-ACDF-CP -K-ACCF 



Fig. 4. Serial changes of fused segmental height (FSH) in the four differ- 
ent two level anterior cervical fusion methods. ACDF : anterior cervical 
discectomy and fusion, ACDF-AP : ACDF using tricortical autograft and 
plate fixation, ACDF-CA : ACDF using stand-alone cage, ACDF-CP : ACDF 
using cage and plate fixation, ACCF : anterior cervical corpectomy and 
plate fixation. 




Preop Postop Postop 6 mo Final 



-♦-ACDF-AP -■- ACDF-CA —A— ACDF-CP — X— ACCF 

Fig. 5. Serial changes of cervical range of motion (ROM) in the four dif- 
ferent two level anterior cervical fusion methods. ACDF : anterior cervical 
discectomy and fusion, ACDF-AP : ACDF using tricortical autograft and 
plate fixation, ACDF-CA : ACDF using stand-alone cage, ACDF-CP : ACDF 
using cage and plate fixation, ACCF : anterior cervical corpectomy and 
plate fixation. 

postoperative, but during follow-up period, the value of ACDF- 
CA group was rapidly decreased (42.7±12.7 to 20.6±13.8°). The 
other groups showed no significant differences (Fig. 5). 

The complications were analyzed and reviewed : graft-related 
complications were developed in 2 patients in ACDF-AP, 5 pa- 
tients in ACDF-CA, 3 patients in ACDF-CP, 3 patients in ACCF 
groups. Screw loosening, plate fracture, cage subsidence and mi- 
gration were not identified. 

DISCUSSION 

In patients with two level cervical disc diseases, the most com- 
monly performed anterior procedures have been two level ACDF 
or ACCF. In terms of fusion rate, Fraser and Hartl 51 reported 
that fusion rates were 79.9% for stand-alone ACDF, 94.6% for 
ACDF with plating, 95.9% for corpectomy, and 92.9% for cor- 



pectomy with plate placement (p=0.0001) in two level cervical 
disc disease. There was no significant difference in fusion rates 
between two level ACDF and ACCF in their results. Song et 
al. 18) have argued that the fusion rates were 66.7% in two level 
ACDF-CA, 95.5% in two level ACDF-CP. Also, fusion time was 
significantly delayed in two level ACDF-CA in comparison with 
ACDF-CP. Another suggested that non-union rates for two-level 
ACDF-CA maybe as high as 25% 22) . Hwang et al. 8) reported that 
the fusion rates in ACDF-CP and ACCF groups were achieved 
100% in two level degenerative disc disease. In this study, the fu- 
sion rates in ACCF were achieved 100%. However, one patient 
(8%) in ACDF-AP, one patient (4%) in ACDF-CP, and 4 patients 
(25%) in ACDF-CA were regarded as failed fusion. Our results 
of bony fusion were very similar to other papers 5,8 ' 12 ' 18) . In our 
data, in spite of mean follow-up times in ACDF-CA (12±5.1 
months) and ACCF (14±7.6 months) was little short, the com- 
plete bony fusion rates confirmed by 3 dimensional CT were 
much higher than ACDF-CA. 

Park et al. 13) have reported that graft subsidence and loss of 
cervical lordosis appeared to occur mainly during the first 6 
weeks after surgery, and there was no significant difference be- 
tween two-level ACDF-CP and ACCF. Song et al. 18) defined 
cage subsidence, as a disc height discrepancy of greater than 3 
mm, that occurred in 32.3% of two level ACDF-CA and in 9.7% 
of two level ACDF-CP. Our data of subsidence rate were also 
higher in ACDF-CA (33%) or ACCF (20%) than in ACDF-AP 
(16%) or ACDF-CP (11%). Lower fusion rates and higher sub- 
sidence rate in ACDF-CA highly suggests that two level stand- 
alone cage fusion is not sufficient condition for successful bony 
fusion even though autologous iliac bone is used, and addition- 
al anterior cervical plate fixation might increase fusion rate in 
two level cervical disc disease. 

About GCL, Oh et al. 12) have published study finding con- 
cerned lordotic curvature, for although cervical lordosis in the 
two level ACDF-CP from 20.5° to 23.4°, it decreased in the 
ACCF from 17.3° to 14.6°. Park et al. 13) have reported that mean 
loss of cervical lordosis was 5.3° in the ACCF and 3.9° in the two 
level ACDF-CP. Cobb's angles measured between C2 and C7 as 
well as at the fused segment were statistically similar in both 
groups. In our study, the values of GCL in two levels ACDF-CP 
were increased from postoperative to final follow-up values. 
However, ACCF had decreased from postoperative to final fol- 
low-up values. Also, the values of GCL in two levels ACDF-AP 
and ACDF-CA showed significant difference in our study. 

In the viewpoint of FSA, Song et al. 18> reported that the aver- 
age lordotic angle of fused segments were changed from preop- 
eratively to immediately postoperatively in two level ACDF-CA 
from 2.9° to 7.2°, in two level ACDF-CP from 1.6° to 1 1.4°. Then, 
at final follow-up, the mean FSA in ACDF-CA was 0.8°, which 
in ACDF-CP was 5.5°. Segmental kyphotic deformity of fusion 
level or index level developed in 42.1% of two level ACDF-CA 
and 10% of two level ACDF-CP. Oh et al. 12) suggested that the 
values of FSA were statistically similar between ACCF and two 
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level ACDF-CP. Our data of FSA in two level ACDF-AP, ACDF- 
CP and ACCF were increased but the value of ACDF-CA was 
decreased at the final follow-up. The values of ACDF-CP and 
ACDF-AP groups were significantly increased than those of 
ACDF-CA and ACCF groups at the final follow-up. These re- 
sults suggest that anterior cervical plating maintains segmental 
and overall cervical lordosis. 

With regard to FSH, Song et aL 18) reported that the degree of 
disc height change of the fused segment, postoperative immedi- 
ately compared to preoperative, was +1.9 mm in two level 
ACDF-CA and +4.7 mm in two level ACDF-CP. At final follow- 
up, it decreased 3.8 mm in ACDF-CA and 3.0 mm in ACDF-CP. 

Oh et al. 12) suggested that the FSH in the ACCF was signifi- 
cantly smaller than in the two level ACDF-CP. Park et al. 13) re- 
ported that the FSH were significantly increased at the post op- 
erative period and slowly decreased as time passed. But, there 
were statistically similar between ACCF and two level ACDF- 
CP. The values of FSH in our study, all groups were significantly 
increased at the postoperative period, but the mean value of 
ACDF-CA was rapidly decreased during the follow-up. The 
others were no significant differences. 

In terms of ROM, Oh et al 12 ' reported that total and segmen- 
tal ROMs showed no significant intergroup differences. The 
values of ROM in our study, all groups were significantly de- 
creased at the postoperative, and mild increased at postopera- 
tive 6 months. But during follow-up period, the value of ACDF- 
CA was rapidly decreased. The others showed no significant 
differences. Decreased values of ROM in ACDF-CA at the final 
follow-up are supposed to associated with increased neck dis- 
comfort and straightening of cervical curvature. 

ACDF-CP demonstrated relatively high fusion rate (96%) and 
minimal height loss than other fusion procedures in two level 
cervical disc diseases. ACDF or ACCF with plating groups were 
better results than stand-alone cage fusion in terms of GCL, FSA 
and FSH. 

There are some limitations in this study. Being a retrospective 
study, we were not able to perform direct comparison, because 
follow-up periods of each groups are different. Therefore, long- 
term follow-up studies are necessary, which we plan to pursue 
in the future. 

CONCLUSION 

The cage plating method (ACDF-CP) demonstrates a higher 
fusion rate and minimal loss of FSH than the other three fusion 
procedures in patients with two level cervical disc diseases. Our 
data also indicate that ACDF or ACCF with plating groups show 
better radiographic results than stand-alone cage fusion with re- 
spect to GCL, FSA, and FSH. 

No donor site morbidity, no external rigid brace, and early re- 
turn to work could be advantageous in cage filled with allograft 
and plating method. However, prospective long-term and large 
multicenter study for the acceptance with new standard ACDF 



method in two level ACDF surgery will be necessary. 
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